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1The Effect Of Type And Rate Of Controlled Release Fertiliser On The Performance Of
Hardy Nursery Stock In Containers.
Introduction
Controlled  release fertilisers (CRFs) are widely used in Ireland for the production of
nursery stock plants in containers. Small plants are commonly potted into 2-litre pots in
springtime, grown on during the summer and autumn, and are ready for sale in the autumn and
following spring. This experiment compared four CRFs that are available in Ireland for this
type of production schedule.
Methods
Four controlled release fertilisers, Ficote 140, Multicote (8-10 month), Osmocote (12-14
month) and Plantacote (12M) were incorporated into a peat compost at three rates to provide
nitrogen at 450, 750 and 1,050 g per m3. The actual rates of fertiliser used are shown in Table
1.  Rooted plants of Cupressocyparis leylandii cv. Castlewellan Gold, Choisya ternata,
Ligustrum ovalifolium, Ulex strictus and  Ozothamnus ledifolius were planted into 2-litre pots
in May and placed  in a gravel bed with overhead irrigation. Half of the plants were harvested
in December and the remainder in May.
At the same time plant height was
measured and the plants were assessed
for vigour, colour and overall
marketability.
Three samples of  60 granules of
each fertiliser, excepting Plantacote,
were taken from the pots at assessment
time. These were ground with a mortar
and pestle, made up to 250 ml with
distilled water and analysed for residual
nutrients. This same procedure was
also carried out with unused granules and the results of the residual analysis were expressed as
Figure 1 : Overview of the CRF nursery stock
experiment at Kinsealy
2a percentage of the original values.
The four CRFs were added to silica sand
which was filled into plastic cylinders which
had a mesh secured at the bottom and
placed in a funnel. The cylinders were
placed in a glasshouse in June. Every two
weeks, over a 20 week period,  the
cylinders were leached with distilled water
and  the leachate was collected and
analysed.
Results
As there was no significant interaction between CRF type and rate, the results for each
factor are presented separately. In order to summarise the large amounts of data obtained, the
values for each trait assessed were expressed in relative terms with the highest value being
assigned 100 and the other values expressed as a percentage of the highest value. The results
were then averaged across the categories to obtain a single value for each rate which gave a
measure of the overall performance of that rate for the particular subject. The results of this
Figure 2 : Leaching apparatus for studying
nutrient release pattern.
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Figure 3 : Relative performance of  five subjects at three rates of
CRF - May rating
3exercise are shown in Figure 3. This clearly shows that the high rate of CRF gave the best
overall performance. Ozothamnus was the least responsive of the five subjects.
There was no significant effect of CRF type on the fresh weight of C. x leylandii and Ulex
but for the other three species, Ficote and Osmocote were better than Multicote or Plantacote.
The relative performances  at the final harvest, calculated as for the rates, are shown in Figure
4. This clearly shows that Ficote and Osmocote performed better overall than the other CRFs.
Ligustrum did particularly badly when Multicote was used.
The results of the leaching experiment for nitrogen and copper are shown in Figure 5. All
the fertilisers showed a controlled release of nitrogen and this result was also obtained with the
other major nutrients. Ficote released N more rapidly than the other fertilisers. The picture
was quite different for the trace elements. Only Ficote and Osmocote had a consistent
controlled release pattern for the trace elements tested (Cu, Zn, Mn and B). Multicote released
no Cu for 10 weeks and then only very small amounts. Plantacote, by contrast, released over
60% of its Cu content at the first leaching and thereafter only very small amounts. A similar
pattern of an initial flush followed by little subsequent release was found in the case of Boron
(B) both for Multicote and Plantacote.
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Figure 4 : Overall relative performance of four CRFs at the final
harvest.
4Figure 5 :Release pattern of nitrogen and copper in four CRFs.
The residual analysis of the fertiliser granules is shown in Figure 6. They agree with the
leaching results in showing that Ficote had the quickest release of N and therefore the lowest
reserve in the residual analysis. At the end of the experiment, Ficote was almost entirely
depleted of N while Multicote and Osmocote still had some reserve. N was depleted more
rapidly than K and P was slowest of all. The EC  values were intermediate.
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Figure 6 : Residual analysis of CRF granules in December and May as % of original
values.
5Discussion
The results on the rate of CRF indicate that growers risk a loss of crop quality if they
reduce the application rate of fertiliser. Although CRFs are expensive fertilisers in terms of the
unit cost of  N, P and K, reducing rates to save on costs is almost always an mistake. If a CRF
costs IR£75 for 25 kg and is used at a rate if 5 kg m-3, then the 10 g of CRF in a 2-litre pot
will cost 3 pence. The product at the end of the growing period of 12 months will have a sales
value of IR£1.20 to IR£1.50. Any savings made by cutting back on CRF will clearly be
outweighed by any negative impact on product quality and therefore sales price. The prime
consideration, apart from environmental  concerns, in deciding on fertiliser application rate is
the effect on product quality.
Osmocote and Ficote gave more consistent results than either Multicote or Plantacote in
these experiments. The results from the leaching experiment indicate that the release pattern of
some trace elements in the latter two fertilisers is erratic and their overall poorer performance
may be related to this. For instance, tissue analysis showed that the Cu content of plants
grown with Multicote was lower than with the other fertilisers. However, Cu supplementation
experiments would be necessary to prove that this was the factor affecting plant performance.
Residual analysis of the CRF granules gave results that were in agreement with the
leaching results, in differences between the fertilisers and in the rate of depletion of N, P and
K. This could be a useful and simple method  for checking on the growth potential of a
compost. Although N is probably the most critical element to measure,  if the relationship
between N and EC are fairly constant then the EC could be used as an indication of residual
nutrient levels. If this is the case then it should be possible for growers to carry out the test on
the nursery and obviate the need for a laboratory analysis.
Conclusions
6• Using reduced rates of controlled release fertilisers results in a decrease in plant size and a
reduction in quality. This would cost the grower more than any money saved on fertiliser
costs.
• Of the four CRFs available on the Irish market, Ficote and Osmocote gave more consistent
results than Multicote and Plantacote.
• The poorer performance of Multicote and Plantacote in some instances may be related to
trace element nutrition.
• Analysis of CRF granules in a growing medium for levels of residual nutrients may be used
to give an estimate of the nutrient reserve.
 
 
Note
 
Since the results of these experiments have been published, both Plantacote and Multicote
have been reformulated to improve the trace element release pattern.
 
 
 
 
 
7 Analysis Of Substrates Containing Controlled Release Fertilisers
 
 Introduction
 
 The use of controlled release fertilisers (CRFs) has simplified crop nutrition because a
single application of fertiliser to the growing medium at mixing time can be sufficient to last
the lifetime of the crop. This removes the need for supplementary liquid feeding and the
associated regular monitoring of nutrient levels in the growing medium by sampling and
analysis. The use of CRFs is widespread in the production of containerised nursery stock in
Ireland.
 
 There are times, however, when it would be useful to know the nutrient status of the
growing medium even where CRFs are used. For example, if a  crop duration has to be
extended this information would be needed to decide whether supplementary feeding is
required to maintain crop quality. Conventional water extract analysis of a growing medium
containing a CRF will not give any meaningful information. At any time, most of the nutrients
will be inside the granules and not detected by the analysis.  Moreover the available nutrient
levels in the substrate will be affected by other factors such as the rate of nutrient uptake by
the plant and the occurrence of rainfall. After heavy rainfall which causes leaching from the
pots, nutrient levels will be very low until significant release from the granules takes place.
 
 It is more meaningful to ask what amount of residual nutrients are left in the fertiliser
granules and how much longer will it sustain plant growth. A system of dual analysis for
growing media containing the CRF Osmocote has been used where a sample was extracted
before and after rupturing the fertiliser granules using a cereal grinder. This allowed the
potentially available nutrients to be determined by subtraction. The present study proposes a
simpler procedure to determine the residual nutrients in the granules which can be carried out
on the nursery thus avoiding the time and expense necessary for laboratory analysis.
 
 
 
 Methods
 
8 Samples of 60 grains of  CRF granules were obtained, either fresh or taken from a growing
medium using a tweezers. They were ground using a mortar and pestle and then made up to
250 ml with distilled water in a volumetric flask. The flask was shaken for 15 minutes and the
supernatant was analysed for ammonium N, nitrate N, P, K and EC (electrical conductivity).
Three replicates were taken and the mean of the three values used.
 
 Two CRFs, Ficote 70 (14-3.5-6.6) and Osmocote 5-6 month (15-4.4-10) were mixed with
limed peat to provide 1 kg of N per m3. The mixes were filled into 16-cm diameter pots and
sown with perennial ryegrass. The pots were placed on an ebb and flood bench in a glasshouse
heated to a minimum air temperature of 15OC. The experiment commenced in March and
continued until October. On nine occasions, grass in 10 pots containing each CRF was
harvested, the dry weights measured and plant tissue analysed for content of N, P and K. At
the same time, samples of CRF samples were taken, as described above, from other pots.
 
 The nutrient release pattern of the CRFs was determined using a leaching column. Each of
the two CRFs was mixed with silica sand and filled into two plastic columns, 20 cm deep and
10 cm in diameter. The end of each column was secured with a plastic mesh and placed in a
funnel. The funnels were supported on a wooden bench and a drainage hose led to a blackened
bottle. The apparatus was placed in the greenhouse alongside the grass experiment. Coincident
with each grass harvest, the columns were leached with a litre of distilled  water. The leachate
was collected and analysed for N, P and K.
 
 Results
 
 The weights of 60 granule lots and the EC (electrical conductivity) of an extract of 60
granules in 250 ml of distilled water are shown in Table 1. In this experiment the granule
weight of Ficote 70 was  over twice that of Osmocote. The variation in weight between
granules of Ficote 70 was however much less than with Osmocote as evidenced by the smaller
coefficient of variation (COV). There was a strong relationship between the weight of the
granules and nutrient levels in the extract as shown  by the relationship between the weight of
Osmocote granules and EC in Figure 1.
 
9 The average recovery of nutrients in the analysis of the extract for Osmocote (5-6 month)
was 104 and 99% for N and K respectively and for Ficote 70, the corresponding figures
were104 and 101% (Table 2). The recovery of P was much lower, especially in the case of
Ficote 70, as not all the P is in water soluble form.
 
 The release patterns for N and K for the two CRFs as determined by residual analysis,
leaching and crop uptake are shown in Figure 2. The three methods show similar patterns of
release. Residual analysis gave slightly higher values in all cases than leaching. Crop uptake
gave lower recovery of N especially in the second half of the experimental period, but a higher
recovery of K.
 
 During the first 100 days of the experiment, Ficote 70 released N more quickly than
Osmocote (5-6 month) with  steeper release curve. Thereafter the release rate of Ficote 70
was much reduced. Osmocote (5-6 month) shows a more constant release pattern of N over
the 220 day period. The release patterns for K show less difference between the two fertilisers.
 
 The mean daily release of N (as % of total added) determined by residual analysis of the
granules and the mean daily growth rate (g DM/pot/day), between harvests, for the two
fertilisers are shown in Figure 3. This clearly illustrates the burst of N release from Ficote 70
early in the experiment and its subsequent decline in the second half of the experimental
period. DM production followed a similar trend to that of N release. Growth was similar at the
first harvest, for the next three harvests containers with Ficote 70 gave a significantly higher
production than those with Osmocote (5-6 month). For the last four harvests this was reversed
with Osmocote (5-6 month) giving a significantly higher production at each harvest.
 
 The residual levels of N, K and EC in the CRF granules over the 220 day period, expressed
as a percentage of the original values, are shown in Figure 4. In the case of Ficote 70, the N
depletes more rapidly than the K. The EC level is intermediate between the N and K levels. In
the case of Osmocote, the N and K release rate are very similar as is the case with the EC.
 
 Discussion
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 The close similarity of the release patterns as determined by the three methods indicate that
analysis of a water extract of CRF granules can be used as an indicator of the potential
reservoir of nutrients in a growing medium containing CRFs. The crop uptake might be
expected to show lower overall release than the other two methods because no account was
taken of  nutrient content of the root system. This was the case for N with both fertilisers but
not for K. Any contribution from mineralisation of nutrients in the Irish sphagnum peat, during
the experiment, would be expected to be very small.
 
 The fact that the daily growth rate closely reflects the daily N release, as determined by
residual analysis of the granules (Figure 2), indicates that growth was limited by N availability.
Thus growth was less than optimum at least during part of the experimental period for both
fertilisers.
 
 Variation in granule size can lead to differences in the nutrient levels in the extract as is
illustrated by Figure 1. In this regard Ficote CRFs had less variation in granule weight than the
other fertilisers tested. To counteract this variation the sampler should try not to discriminate
against large or small granules and a sufficient number of granules should constitute the
sample. It was found to take about ten minutes to collect a sample of 60 granules so that a
group  of three samples would take approximately 30 minutes. This procedure provided
sufficiently accurate data for these experiments and as a practical test seems a reasonable
compromise between accuracy and length of time taken to obtain a sample.
 
 Conclusions
• Analysis of CRF granules taken from a growing medium at intervals through the
season showed a similar pattern of nutrient release as that measured by leaching or by
crop nutrient uptake.
• Residual analysis can be used to provide information on the nutrient reserves of the
CRF granules in a growing medium.
• The Electrical Conductivity (EC) of the sample extract can be used to provide an
overall summary of residual nutrient levels and this test can be carried out in the
nursery thus obviating the need for laboratory analysis.
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Table 1 : Mean weight of granules of two CRFs and the electrical conductivity (EC) of an
extract of 60 granules in 250 ml of distilled water.
Fertiliser Weight of 60 granules (g)
 (mean of 10 lots)
EC1 of extract in 250 ml
water(mS/m)
Mean COV2 Mean COV
Ficote 70 3.97±0.08 3.1 1,271±24.3 2.6
Osmocote (5-6 month) 1.64±0.10 8.8 624±32.8 6.9
1
 Electrical Conductivity     2 Coefficient of Variation (Standard Deviation /Mean *100)
Table 2 : Recovery of N, P and K from fresh granules of two CRFs (as % of stated content).
Fertiliser N P K
Ficote 70 104.1±2.5 42.7±1.0 100.9±4.6
Osmocote (5-6 month) 103.7±1.3 75.5±2.5 99.3±2.6
Figure 1 : The relationship between granule weight of Osmocote (5-6 month) and the EC of
an extract of 60 granules in 250 ml distilled water.
Wt. of  60 granules (g)
EC
 (m
S/
cm
)
600
640
680
720
760
1.4 1.5 1.6 1.7 1.8 1.9
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Figure 2 : Release patterns for N and K of Ficote 70 and Osmocote 5-6 month as determined
by residual analysis of granules, leaching and crop uptake. The data are expressed as a
percentage of the total amount added.
Figure 3 :  (a) Mean daily release of N between harvests, as % of total added, determined by
residual analysis of the CRF granules and (b) mean daily growth rate of perennial ryegrass
between harvests.
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Figure 4 : Residual levels of N, K and EC in CRF granules over a 260 day period expressed as
a percentage of the original values.
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The Effect Of Water Quality And Rate Of Lime On The Growth Of Nursery Stock
Plants In Peat
Introduction
When nursery stock plants are grown in containers in peat based growing media, lime is
added to provide the optimum pH. However, depending on the quality of the irrigation water,
the pH may change during the growing season and this may interfere with growth and nutrient
uptake. The optimum lime addition may vary depending on the bicarbonate content of the
irrigation water. This experiment studied the effect of rates of dolomitic lime on the growth of
an ericaceous plant, Pieris ‘Forest Flame’ and Hebe pinguifolia ‘Sutherlandii’, a non-
ericaceous plant, when irrigated with a hard and a soft water.
Methods
Rooted cuttings of Pieris and Hebe were potted, in early May, into 2 litre pots containing
peat to which dolomitic lime had been added at rates of 1.0, 2.5, 4.0 and 5.5 kg m-3. A
standard addition of a controlled release fertiliser (Osmocote, 12-14 month) was given. The
pots were placed in two adjacent flood benches in a glasshouse each with its own reservoir of
water. The pots were irrigated by flooding the benches so that the pots were immersed in
water to a depth of 4 cm. After maintaining this height for 5 minutes the water was allowed to
flow back into the reservoir.
One of the benches was irrigated with well water, containing 278 mg/l of bicarbonate while
the other was irrigated with water collected from the glasshouse roof. On each bench, for each
subject, the experimental design was a randomised block of 4 treatments with 8 replications,
each pot constituting a plot. The plants were grown until the end of November when they
were harvested, scored for root development and the dry weight measured. Samples of peat
were taken monthly for pH determination.
15
 Figure 1 : pH of the growing medium through the season where (a) hard water and (b)
soft water was used for irrigation of Hebe pinguifolia ‘Sutherlandii’ at 4 rates of lime
addition.
Results
The initial pH of the peat was 4.6, 5.2, 5.6 and 5.9 where 1.0, 2.5, 4.0 and 5.5 kg m-3 of
dolomitic lime were added respectively. The pH values through the season are shown for Hebe
in Figure 1. Similar results were obtained for Pieris. Where hard water was used for irrigation,
there was a steady rise in the pH of the growing medium. At the lower rates of lime the major
increase in pH took place towards the end of the season. In the soft water experiment, pH was
more stable at the high rates of lime and tended to fall at the lower rates and then increased at
the end of the growing period.
Plant dry weights and root scores are shown in Table 1. Using the lowest rate of lime
reduced the dry weight of Hebe where soft water was used for irrigation. There was no benefit
in increasing the lime rate above 2.5 kg m-3. Lime rate had no effect on root development of
Hebe and dry weights were similar where hard and soft water were used. Pieris dry weight
and root development were significantly reduced when the rate of rate of lime exceeded 1.0 kg
m
-3
. It was noticeable that Pieris plant weight and root score were always better where soft
water was used for irrigation.
(a)
Week Number
pH
3.8
4.6
5.4
6.2
7.0
16 22 28 34 40 46 52
1.0
2.5
4.0
5.5
(b)
Week Number
pH
3.8
4.6
5.4
6.2
7.0
16 22 28 34 40 46 52
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Table 1 : Effect of lime rate on the growth and root development of Hebe pinguifolia
‘Sutherlandii’ and Pieris ‘Forest Flame’ irrigated with hard and soft water.
Lime rate Hebe Pieris
(kg/m3) Hard water Soft water Hard water Soft water
Dry wt
(g)
Root
score1
Dry wt
(g)
Root
score1
Dry wt
(g)
Root
score1
Dry wt
(g)
Root
score1
1.0 25.2 4.5 21.1 4.3 16.2 2.8 23.8 4.4
2.5 29.0 4.1 29.3 4.5 12.4 1.4 16.1 2.3
4.0 27.0 4.1 29.7 4.4 10.3 1.0 14.0 1.5
5.5 27.0 4.3 28.6 4.5 8.5 1.1 12.7 2.1
F-test NS NS ** NS ** ** ** ***
S.E.(df=21) 1.6 0.3 1.5 0.2 1.4 0.3 1.8 0.3
1
 on a scale of 1 to 5.
Conclusions
Any increase in the rate of lime above 1 kg m-3 reduced the performance of the ericaceous
plant Pieris. Where ericaceous plants are being grown and the irrigation water is hard, using
an alternative softer source such as rainwater would be beneficial. Hebe needs a minimum of
2.5 kg m-3 of dolomitic lime especially where the irrigation water is soft. There was no
response to higher levels but neither did they adversely affect plant performance.
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Effect of suSCon Green on the Growth of Nursery Stock Plants
Introduction
SuSCon Green is a micro-encapsulated insecticide containing chlorpyrifos which has a
slow release action and is widely used for the control of black vine weevil (Otiorhynchus
sulcatus) in the production of containerised nursery stock. SuSCon Green is known to
produce symptoms of phytotoxicity in some subjects. There have been reports in Ireland of
serious damage being caused to plants on commercial nurseries which has been ascribed to
suSCon Green. This experiment was carried out to study whether these effects could be
reproduced at the research station.
Methods
SuSCon Green was added to Irish nursery stock grade peat at three rates, 0, 750 and 1,500
g/m3 i.e. control, standard and 2 x standard rate. Eleven subjects, shown in Table 1, were
grown in the experiment. Appropriate amounts of dolomitic lime and controlled release
fertiliser, Osmocote (12-14 month) were added to the peat for each subject. The plants were
potted in May into 2-litre pots and grown outdoors on a gravel bed irrigated with overhead
spraylines. An independent experiment of 15 replications of the three rates in a randomised
block design was carried out for each subject. The final assessment of the plants was carried
out in the following spring and early summer.
Results
After mixing the suSCon Green with the peat, lime and fertiliser, an assessment of the
concentration achieved was done by taking a measured volume of the growing medium and
manually extracting all the granules of insecticide. The mean values of the samples for the two
rates of addition were 870 and 1,654 g/m3.
The plant fresh weight and the results of the assessment for symptoms of phytotoxicity are
shown in Table 3. Only in one case, Azalea japonica Geisha Red, was there a loss in plant
weight caused by suSCon Green at the standard or the double rate. In two cases, Azalea
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japonica Madame van Hec and Eleagnus pungens maculata there were small increases in
weight at the standard rate. Slight symptoms of phytotoxicity  were seen in Pieris ‘Forest
Flame’ and Eleagnus ebbingei, subjects known to be sensitive to suSCon Green.
Conclusions
Serious damage due to use of suSCon Green did not occur in this experiment and the
results indicate that it is safe to use for most subjects.
The growth reduction which occurred in Azalea japonica Geisha Red suggests that trials
with individual Azalea cultivars should be done where there is no prior experience of its use.
Table 1 : Effect of rate of suSCon Green on the fresh weight and damage index of 11 nursery
stock subjects.
Subject Fresh wt (g/plant) Damage index (0-5)
Rate (g/m3) F-
test
S.E. Rate (g/m3) F-
test
S.E.
0 750 1500 0 750 1500
Pieris ‘Forest Flame’ 68.7 68.2 70.0 NS 2.67 0 0.3 0.6 * 0.1
Azalea japonica Geisha Red 44.6 30.5 27.4 *** 2.96 0 0 0 - -
Azalea japonica Vuyks Rosyred 61.8 61.9 63.0 NS 3.11 0 0 0 - -
Azalea japonica Madame van Hec 56.1 68.6 55.8 * 3.45 0 0 0 - -
Eleagnus ebbingei 110 122 121 NS 5.9 0 0.4 0.5 ** 0.1
Eleagnus pungens maculata 30.8 37.4 30.7 * 1.68 0 0 0 - -
Euonymus Emerald Gold 26.8 36.6 32.7 NS 3.38 0 0 0 - -
Euonymus Gaiety 41.6 39.4 46.4 NS 3.23 0 0 0 - -
Ilex Golden King 37.7 36.8 43.4 NS 3.21 0 0 0 - -
Berberis thunbergii Dart’s Red
Lady
4.7 6.5 6.1 NS 0.57 0 0 0 - -
Berberis thunbergii atropurpurea
nana
4.3 3.6 4.3 NS 0.62 0 0 0 - -
19
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